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Field ot tiie Inveatigg 

THe present: invention relatee to an op1:leal elemen-b £oz* 
5 viewing lat;er'ally, o£ particular but by no znean:^ esccl-a^i^e 
application in a confocal probe ae well as in miorotfoopy, 
endoeoopy (includinor micaroendoocopy) , co3Lon080cqpy# 
^astroBGopy and like applieatlona and aspocially cen£ooal 
iiqplementationa of these « 

10 

Background of the Invention 

considerable advances in ianagrlng the interior of the human 
body have praapted increased interest in the possibility 
o£ in vivo microscopic analyeis. Confocal microscopy 
15 using light returned frcna fluorescence in tissue can be 
aohiev«»d in an endesegpe with endoscope -head diameters 
around 5 snn with forward lookingr optics and a vibrating 
fibre soanner* 

20 Further, probably the most labour intensive component in 
the existing flexible endoscopes are the as many as 11 
element micro-lens asseoablies. These lenses are so email 
tihat they are difficult to manufacture and handle, 
includinsr being provided with antirefleotive coatings 

25 after grinding and polishing. Xt is estimated that 

perhaps 200 separate operations are required to produce a 
completed lens asssmbly. 

Xn addition, the second most ezP<^3tSive component In some 
30 prior art systems is the tuning-fork scanning mechanism. 

There thus remains a need for still smaller and less 
eaqpensive devices, in particular so that access can be 
gained to more remote and at present inaccessible- resgions 
35 of the body, including the internal surfaces of blood 
vessels . 
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Siimmary of th& Xnveiition 

In a £icat brpad aspect:/ eherefore# thm present Invention 
provides an optical element oon^rielngs 

a. foarward exid £or admitting light from a llgbt 
5 source; and 

a rear wall having an* internal aurfaee for 
reflecting- 3aid light laterallyi 

wherein said InterziaX surface hae an optical 
figure suitable for focussing eald light. 

. 10 

Preferably eald optloail element Includee a side wall, and 
eald internal surface foouBees eald light to a point 
outside said side wall. 

li^ In one eaibodlJaent, the internal surface la a section of an 
ellipsoid, whereby the optloal element la adapted to 
receive said light from a substantially point source. 

Zn another embodiment, the Internal surface Is a section 
20 of a paraboloid, whereby the optical element is adapted to 
receive light in substantial parallel form. 

Alternatively/ said optical element includes at least one 
further optloal element for changing said light from a 
25 divergent beam Into a aubBtantial parallel beam, and the 
internal surface ie a section of a paraboloid. 

The internal surface can^ opticallyr have a reflective 
coating to Increase the effieiency of reflection. 

30 

in a second broad aspect, the present invention provides a 
optical head for an endoscope or microscope, comprising 9 

an c^tloal element with a forward end for 
admitting light from a light source ^ and a rear wall 
35 having an internal surface for reflecting aa.id light 

laterally, wherein sedLd internal surface has an optical 
figure suitable for focussing said light; and 
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^ rQtatable sleeve for supporting and rotating 
said optical element? 

whereby said ll^ht oaa be scazmed relative 'to 
e9-ld AazBple by rotating said eleeve and theri^y tilie 
• 5 direct;±oii iu wbloh said light is foousaed by said internal 
aurfaoei 

Xn a third broad aspects the present invention provides an 
optical eleznent conxprlsingi 
10 a forward end for ndmitsting light from a light; 

source; 

a rear wall having an Internal • surface for 
reflecting said light laterally; and 

an external sleeve o£ aon-uniform thicleness; 
13 wherein said internal sinrface has an optical 

figiure suitable for focussing said light to a point 
outside said sleeve r said external sleeve is rotatable, 
translatable or both rotatable and translatable relative 
to said optical element whereby the distance of said point 
20 from said sleeve can be varied^ and said external sleeve 
ia tran^arent to said lldht in at least the region where 
said light is directed by said internal surface. 

Bgiaf Description of the Drawings 
25 Xn order that the invention nay be more dearly 

ascertained, eioboddLziients will now be described, by way of 
BXBmplet, with reference the accompanying drawings, in 
which B 

Figuxe 1 is a view of a scanning head for an 
30 endoBC^e according to an - eabodiment of the present 
invention; 

Figure 2A is a schematic view of the optics of 
the scanning head of figure 1| 

Figures 2B and 2C are schematic plots of the 
35 optics of the scanning head of figure 1; 

Figure 3 is a view of a scanning head with 
variable depth for an endoscope accozrding to a further 
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mbodiijiient o£ tlie pz-esemt laiveni;i.Qii; 

Flgiire 4 is a partial viaw o£ anofchar Bcaxmixig' 
head witli vaz-labla depth for aa andoaoopv accocdi^ to a 
fusrtl&er asibodiinoiit o£ the prvsant Invent ioni 
5 figure 5 ia a view o£ a scaiming device for an 

endoacope aoeovdiag to a flirther exnbodlniant of the present 
lavantxcm, in which the beam la collinated by aeana of an 
achromatio Xena aniA the colXiaated beam ia focueaed by 
means o£ a paraboloid mirror; 

XO Figure 6 la a view of a ecanni ng device for an 

endoaoope aeoordlng to a still further esoibodiment of the 
preaeat invention, in which the beam ia collimated by 
means of a pair of on-axis mirrors and the eollimatad beam 
ia focmased by means of a paraboloid mirror; 

15 Figure 7 ia a view of a aoanning device for an 

•ndioBoope aaoording to a variation of the device of figure 
6, in which the fibre ia of f "axis r the beam la ooXXimated 
by means of a pair of of f-axia mirrors and the coHimated . 
beam la focusaed by means of a paraboloid mirror; 

20 Figures 8A and 8B are schematic views of scanning 

by means of the prinoipal mirror of the eadbodiment of 
figure 6; 

Figures 9A and .9B are views o£ cylindrloal 
elements for use with the eaobodiments of figure 5 to 7, 

25 for correcting astigmatism; 

Figure 10 is a schematic illustration of how 
variable magnification can be effected by controlling 
fibre orientation with the embodiments of figures Ir 3 and 
4 according to the preaent invention; 

30 Figure 11 is a plot of 62 (the angle between the 

projected ray through second focus and the major axis) 
against Ox (the angle between a ray launched frcam first 
focus and the major axis) for figure 10 • 

35 Detailed Pescriptlon 

Referring to figure 1^ according to a first embodiment 
there i« provided a scanning head 10 for a conf ocal 
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eadoacope ebDwa« 

Tbe liead XD hae tvo flexible polyxnex' tubes t a voteting 
iikaer ti-ube 12 and a £lxed cylindz-ical puter sl^evo 14. 
5 Tbe ixmer tiubo 12 is olioaen for torelonal stiffness and 
low coefficient o£ friction for oontiact with the external 
sleeve 14, Tbe opeical fibi^a 18 of .t3to end080«)pe fits 
loosely witbin the' inner tube 12, and - including its 
coating - has a diameter of approximately 250 nouLcron. The 
10 inner diameter of tbe rotating inner tube 12 is about 1 
aimi its external diameter is around 1.8 mm. Tbe 
configuration Of izmer ttibe 12 with loose fibre is typical 
of patch cords used din optical communications systems* 

15 The bead 10 also izidudes an optical element in tbe form* 
of a generally cylindrical plastic pptical blocic 2b, 
mounted on and co-rotating Hitb inner tube 12* Optical 
block 20 is cosqposed of either glass or a suitable polymer 
' such as Transparent polymers having a refractive 

20 index close to 1.33 have been developed to match tissue 
refractive Index in microscopy. 

Iiight 22 (from tbe laser source o£ the endoscope) is 
admitted into tbe block 20 from the exit of the core of 

25 fibre 18, and fans out according to the numerical aperture 
. of the fibre from tbe exit point into the block 20. The 
end wall 24 of block 20 has an internal surface 26 that 
reflects light 22 laterally. The internal surface 26 is a 
section of an ellipsoid, aligned so that the divergent 

30 beam of light 22 is reflected laterally and focussed by 

t;he Internal surface 26. Xndeed, tbe light is foousaed to 
a point 28 outside the sleeve 14, which is transparent at 
Xeaet in the region where it must transmit the light. 
Thus^ point 28 represents a point observation field for 

35 /the endoscope. 

Aspheric internal surface 26 is preferably coated' to 
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m^xisolaie re£lectlon# and ca& be proaixoed. very 
inoa^enslveXy by polymsrlslng plastic la moulds formed by 
single point diamond tusalxig on a lathe. • 

5 □ 

It should ba noted that the central ray from the fibre 18 
reflects at right angles from the Internal eurfaoe 26. 

Xn assembly of the head 10/ the fibre 18 is attached to 
10 the optical block 20 and then the block is attached to the 
inner tubs 12. During this latter operation, any excess 
fibre is taken up Inaide the loosely fitting tube 12. Xt 
should be noted that the relationship between tube 12 and 
block 18 need not have optical precision in the sen^e of 
15 focal point aecuracy,« The main concern la posltlonlz»g the 
eafcit tip of fibre 18 relative to the reflecting internal 
surface which has a strict relationship to a single 

point on the block endface* It should also be noted that 
this fibre attachment point need not be on the optical 
20 centreline of the block 20. Thie design point could be 
off«-centrer anywhere within the inner dlamafier of the 
rotating tube 12, provided that the fibre 18 can still be 
attached in the design position. 

25 Rotation of the inner tube 12 with the optical block 20 
attached causes the scanning ^pot to move around the 
oircimiference of the outer sleeve 14 just beyond its outer 
surface. This rotation can be effected by any suitable 
means. During this rotation one can gather data 

30 concerning the environment through which the focal spot 
moves, without necessarily producing an image. One 
application that is envisaged is the ejcaminatlon or at 
least: cbaracterisation of plague cells in blood vessels t 
a^ tihe observational point is rotated/ a fluorescence 

35 signature may be observed from the blood vessel as the 
outer sleeve 14 la drawn or pushed along the vessel. 
Statistics could then be obtained on the types of plaque 
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On -tbe otber band, gxadual lon0±tudiul anovemeat; 'o£ t:li& 
i-nnexr Uube 12 alone duxrxng it;iB rotati^on OOiiXd gafiher 
5 ln.£ox3iial:lon £ov an imsLff^ 1£ trbe feoralonal ngli^lty o£ tJx& 
Inner tube Is «uf f lolen-b * Tba display could then be 
synohrcmlsed with tba rotation of th« innez- tube at tbe 
proxlm&l end. On^ ainiple method would be the use of a 
fine thread on tha drive mechanism o£ the inner* tube 12. 

10 

A singula sida-viairing endoscope is tfaos provided with an 
external diameter o£ as little as 2 to 3 IIDI. The block 20 
is a particularly siiople one-piece element that forms an 
inter£aca between fibre tip and £ocal point in the tiffsua 
15 which occurs just outside the outar surface o£ endoscope 
tip, 

Gon£ocal operation is generally associated with an 
effective pin-hole for transmission and reception and the 

20 use of refractive optics as in a normal optical 

microscope. In the ennibodixaent of figuzra 1, light is 
emitted from the small cozre of the optical fibs-e with the 
light z'etiu:ning from the £ocal point back through the 
fibre for analysis at tbe proximal end. The fibre end- 

25 face acts as both launch and receive pin-hole. 

Optical considerations 

The factors leading to the reflective design of this 
embodiment r as coo^ared to prior art refractive 

30 configurations, are as follows. Considering the 

con^nlexity pf multi-element lens designs it may seem that 
the siaople block design of the paresent embodiment may lack 
performance. However, as optical rays travel in straight 
lines within the blook 20 ^ the need for conplex 

35 COnxpensatibn of wavelength dispersion throughout the 

optical system is obviated* Refraction can occur only at 
the exit of the cone of rays from the block. However, if 
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the dlf £er«xice of refractive Index between the materials 
in this region oan be kept SBiall tbere sboulcl be an 
advantage over otber optical arrengrementg tbat leave an 
air gap between objective end sanpla and benoe have a 
5 greater difference in refractive index. 

As tbe present eaafaodimant eliminates suob aa air space, 
special optic for launching from air into a curved higher 
index are not reijiiired* 

10 

There is merit in incorporating a liArioent between the 
Optical block 20 and the outer sleeve 14 « whioh would 
assiet both optical and mechanical performance^ by 
matching refractive index and reducing friction. 

IS 

Xt will also be xK>ted that the cone of rays emerging from 
the fibre endface does not diverge to the extent of a 
fibre in aizr, as occurs with vibrating fibre aoazmero. 
This reduces the area of the reflecting surface which ia 
20 required for a given numerical aperture # as compared to an 
air path to the reflector. 

The use of aspheric optics suggests the uae of polymer 
material for the block* which may reduce the cost to such 

25 an extent that the fibre and rotating tube syatem can 
reasonably ba made dii^o sable. By contrast a major 
concern with conventional in-line endoscopes using 
refractive optics is that, although the vibrating scanner 
oan be made very aijiy^le and inexpensive, the multi-element 

30 optics required between the fibre tip and the focal point 
remain conq^licated and relatively expensive; thoy must be 
conqplex to achieve the necessary dispersion and aberration 
perfozmances. The small diameter of the rotating tube of 
the present embodiment makes the contrast even more 

35 striking* 

Although short focal length optics of appreciable 
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auaerloal aperture are unpopular with fiabrloaters/ the 
predeat embodiment; has ao concave sur£aoea of optJ.cal 
quality. This reduces £abrlcatlott problems to ^ooie cuctant 
and anaJces possible snanuf aoture by In-nould polymerisation, 
5 by cooDpresalon cr by injection moulding. 

Bandlinsr of such small optioal components as the optical 
block 20 warrants special attention. The optically 
sensitive areas are the point 30 at which the fibre 18 is 

10 attached to the block 20, the reflective vone on internal 
surface 26, and the light eaeit region o£ block 20 and 
sleeve 14, The rest of the cylindrical outer surface of 
sleeve 14 can therefore be safely handled and need not be 
optically smooth. This consideration is inq^rtant for 

15 polymer coiqponenta where the soft material is susceptible 
to surface damage. 

Optical geometry 

At the distal end of a flexible exuXoscope theire is 
20 generally a rigid sect:Lon that houses the scanner 

mechanism and launch optics. The length of this rigid 
section can be a barrier to navigating sharp bends. For 
vibrating fibre scanners the length o£ the scanning 
mechanism itself can be over 30 mm to which must be added 
25 the length o£ the refractive optics. A 5 mm diameter 
forward looking sndoscope may well have a rigid length 
over 40 ma* For the rotating tube scanziing head 10, there 
is the Xenarth of the optical block and any additional 
length for a practical connection with the inner driving 
30 tube. 

Firstly, the optica o£ the head 10 are illustrated 
schematically in figure 2A. Xt will be noted that the 
internal surface 26 is* e portion Of section of en 
35 ellipsoid with a first focal point at the exit tip 32 of 
fibre 19 and a second £ocal point at the point 
observational field 28, This is also depicted as a 
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schematic plot: to Clgure 2B« 

Figure 2C shows llXuBt:sratea tho trade-o££ bcii;wem block 
lengtUi axid numancal aperture. ^or a distSLOOO bet^ween 
5 £ocl 32} of 4 am, tlie rlg-ld lexigtb Is around 4 to 5 

ram. As caaA ba Been from the Included angle din the exit 
bundle o£ rays, the numerical aperture hae been Increased 
eoz»lderably compared to that of the fibre 18. Xiaaving 
the. off set at 1,1 mn and reducing the distance between 

IQ foci to 2 aini# It can be seen that the block length can be 
reduced/ but at the expense of the nvnaerlcal aperture at 
the sample (or focus 29) • The mRyimpm numerical aperture 
• Is limited by the raya fzrom the fibre diverging beyond the 
radial dimensions of the block 20 before reaching the 

15 reflecting Internal surface 26 w Xn practice^ before this 
limit Is reached the a^iymmetry In the exit rays may 
present a probleaii» It should be noted that/ even In the 
. Illustrated exas^le^ some asymmetx^ Is apparent In the 
rays of the exit bundle for the 4 mm case, Sven so it can 

20 be concluded that the side viewing optics can be made 
shorter by an order of magnitude -when compared vlth a 
scanner and refractive optica of the forward looking 
endoscope • 

25 Confooal Operation 

Optical sectioning Involves manipulating the focal point 
to some controlled depth below the surface of the saovle. 
For the side viewing scanner some means would be useful 
for adjusting the radial dlstsnce of the focus beyond the 

30 outer surface of the external fixed sleeve 14* Since the 
optical system laetween flhre tip and focal point Is fixed 
In this eodbodlmentr some other method Is must be ueed to 
vary the optical distance between the exit ourfece of the 
block 20 and the outer surface of the external sleeve 14. 

35 

One such tecbnlg7:ie Is shown In Figure 3, which does not 
require additional con^onents* Xn this esnbodlmeut/ the 
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wall tblokncBa of the sxt;emal sleeve ±a non-uni.£oxm, 
varying froan about 400 alcron. afc thm forward (oar fibre) 
end o£ tb« hscLd 40 dowzi to 100 ttidron at tlie re<ir ond. 
Then sioving' the limer tube 12 and optical bloplc 20 
5 cpinbinatioEL longitudinalXy relative to the outer sleeve 14 
varies the penetration o£ tbe point Observational field 
beyond tbe outer surface of eleeve 14 over* a 300 micron 
range » Provided tbe eample is pressed against the sleeve 
14 r aa would be aa^ected in a blood vessel, the point 
10 observational field can be varied in depth in the sample. 

The longitudinal movement of the innezr tube 12 thus 
provides the depth scan and is not available for soanning 
in any other direction. 

15 . 

Vhe tapex needed for the dep'fcb scan Could alternatively be 
introduced cirou^ozentially. by using an eccentric 
txaaaparent rotatable polymer sleeve 50 located between 
the block 20 and tbe fixed outez- sleeve 14, as shown 

20 schematically in figure 4. Aa the rotatable sleeve 50 is 
rotated relative to the block 20 , the d^th beyond the 
rotatable sleeve 50 and therefore outer sleeve 14 to which 
the light is focussed is varied. An additional m enhqnism 
such as a tbird tube attached to tbe sleeve and rotating 

25 with the tuba would be used for driving the optical block 
20. In this embodiment, it is cmvisaged that a refractive 
index matching fluid may be desisable between the block 20 
and rotatable sleeve 50 « and between the rotatable sleeve 
50 and the outer sleeve 14 « 

30 

Xn some variations of this embodi m e n t, it may be 
sufficient to provide the outez' sleeve 14 itself with a 
ciroumferentially non*unifoxm thickness, but sucb 
enbodiments would typically require independent control of 
35 the rotation of the block 20 and the sleeve 14 so that tke 
view can be rotated and deptb varied independently. 
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Zn a at;i.ll furtlier smbocUioent:^ a gcanning aevi.ce for use 
as a confcoal prebo for the oeeppbagus (for eacm^le) is 
provided. In t:hi8 embodlneat:, showB iiohematleaXly In 
figure 5, employs fooussing eledieat;s locatecL opt;ically 
5 after -the light emergee from the fibre tip so that the 
divergent beam is trmeformd into a parallel beam. A 
paraboloid rather than ellipsoid mirror ia then eaoployed 
to direct the light laterally and focuiiB the parallel beem 
to a point obaervational field* 
10 . 

Thus, referring to figure 5^ the scasming device 100 
incl^idea an imxezr tube 112 that aoGaBBmodates the fibre 118 
for transmitting light to the scanning device 100. Aa 
with head 10 of figure 1« the device 100 includes a 

15 -tranaparent outer tube 114, nhich la fixed and hovaee ba 
off-axie paraboloid foousaing mirror 120 (ifith axia of 
oysnnetry 122) • Xn addition, the device 100 includes 
colliznating elements in the form of an achromatic 
collimating lens 130 for focusaing the light diverging 

20 frm the tip of fibre 118 into a parallel beam 132. The 

advantage of the parallel besm is that the location o£ the 
- focussing miarror 120 COn be varied along tube 114 without 
affecting the manner in which the light Imciinges on the 
focussing mirror 120. The benefits of this are discussed 

25 belowi Zn all Gases, therefore, the parallel beam 132 is 
focussed by mirror 120 to a point 124 outside tube 114, 

The paraboloid of revolution ia the limiting Case of the 
ellipsoid, and has the property that it takes a beam of 
30 parallel light rays (which are parallel to the axis of 
revolution) and brings them to a point focus 124 « This 
focus, as has been seen, can be outside the t%ibe 114 as 
with the eoibodijqenta the ellipsoid reflective surfaces. 

35 Focussing mirror 120 is formed as a separate integer (with 
t;he mirror reflective surface operation either in air or 
with the rays reflected back into the optical polymer) . 
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Consequeatily, oan be rotiated £Qr scanning^ as in tlxe 
tianbodimnts described abover e££ected nrlth, movlts^ the 
fibre 118 ox t:he colli mating optica 130. Becauae the beam 
132 Is parallel, fOGuitfadLng mirror 120 can be tranelated 
5 along tiabo 114 to psrovlde longitudinal aeannin^ so tdbat: ^ 
seanned Inage can be foxned. Suitable aneana o£ effecting 
thia traaalatlon are deecrlbed below. 

Figure 6 illustratea a variation 150 o£ tbe device 100, in 
10 wbich - instead of an acbromanic lens - a pair of on- axis 
aiirrora 152,154 are need to eolllnate tbe beam emerging 
£roQBi the fibre 118. %bia device 150 la in other reapecM 
the aame as the previous device 100. 

15 Thu8« a planar mirror 153 is located in £rcmt of the exit 
tip o£ the fibre 118 and pezpendleualr to the direction of 
the emerging beam* This mirror reflect a the beam back 
towards the £ibre 118. A second mirror 154, of parabolic 
shape/ is located about the fibre 118 (having an aperture 

20 to accommodate the fibre 118} • This parabolic mirror 154 
colllmates the bream and refloota bacsk along the device 
150, 

Figure 7 illustratea an. off-axis variation 150 of this use 
25 of oolllmating mirrors, in which the fibre 118 is off-axis 
and a pair of off -axis mirrors 162,164 are used to 
oollimate the beam emerging from the fibre 118. Thia 
device 160 is in other respects the same as the previous 
device 150. Xt will be noted that the mirrors are o££<- 
30 axia with respect to the tube 114, but that the parabolic 
mirror 164 has an axis o£ aymmatry aligned witih the fibre 
118 

Figures 8A and 8B illuetrate acaanlng by means of the 
35 paraboloid mirror 120 of the exnbodiment of figure 6. 

Scanning is effected in like manner in the edabodimenta of 
figures 5 and 7, or other electromagnetle, pneumatic. 
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bydraulic or oth«r aotwitloca mec^haaissus can bis eonployed. 

THe initial position of the parai»olo4d mirror 12 D is shown 
in figure 6, Figure 8A ilXustrat*0 .tho motions of the 
5 mirror for axial or longit;udinal scdxmlng^, wliich can b« 
of faotod by any snlcable means, eueli as a stepper motor or 
a pneumatic drive located beliind the mirror 120. As the 
miriror 120 is advanced or retracted within and relative to 
tuba 114 # the point observational field 124 moves in 
10 parallel with the mirror 120 so that a longitudinal scan 
is performed. 

Other methods for effecting longitudinal scanning are 
possible* 7or exazDplejr a micro«grooved thread may be 

15 turned on a section of metial on the outside o£ the 

rotating mirror 12 0« This thread can be produced with a 
fine diamond point and it: can wprk as a screw tihread with . 
a pitch o£ less than a micron. The matiching thread can be 
formed by pressing the metal surface agadnst: damping 

20 sections of soft plaatlc, such as Teflon tapa. 

The rotation of the mirror would fchus also serve to 
advance the assembly by one micron (or whatever pitch is 
used) per revolution thus generating a raster. 

25 

Zt would al9o be possible to produce a fast arial or 
longitudinal scanning motion of the focussed spot by 
reciprocating vibration mirror 120 « Such an oscillatory 
motion could be produced electro -magnetically. A 
30 refinement of this design esnploys a counterweight that 
vibrates 100" out of phase to cancel unbalanced forces. 

Resonant oscillatory rotational scanning movement of the 
mirror could also be achieved by a similar arrangement. 

35 

figure 8B illustrates the motions of the mirror for depth 
ecanning, that ls» for focussing at greater or lesser 
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deptli within the 8aiqpl« (such as tissue) . As tihe snlrror 
120 Is mov^td laeerally within and relativo to tubo 114 « 
tha point dJ^sarvatiaziaX field 124 moves towards or away 
£rcxm the tubo 114, thus acaiming to less or gp^aatez- 
5 depths • 

This sQotiob cazi also ba e£f acted by aaay suitable meaxis, 
Buoh SLB an aTLaatroxaagnetio or pneumatic, drive (such as an 
Inflatable sac) located between the mirror 120 and the 
10 . tube 114. 

Xn all of the above eonbodlaients, in order to provide 360** 
circumferential scanning a miniature electric motor and 
gearbox (not shorn) can be employed to rotate the mirx^r, 

15 Xn the paraboloid mirror embodiments, the motor may be 
mounted on a piston that can be advanced in an axial or 
longitudinal direction by the movement of fluid down a 
pipe into the piston* This arrangement provides/ 
therefore, simultaneous scanning in two orthogonal 

20 directions (vis. longitudinal and rotational). 

Xn eome of the above embodiments, aetigm^tism is produced 
by the difference in radius of cylindrical curvature 
between the inner and outer surfaces through which light 
25 passes. Xn figure 1, these surfaoes are the outer surface 
of the block 20, and the sleeve 14. These will not a 
great dif fezrence in radius of curvature, but it will be 
appreciated that, in the embodiments shown in figures S to 
7, this difference will be ooneiderably greater. 

30 

Further « fluid or tissue in contact with either or both of 
the surfaces will change the degree of astigmatism in the 
system. 

35 The optical systems disclosed in figures 1 and 3 will have 
essentially no astignatism if the plastic of block 20, the 
sleeve 14 and any lubrication liquid between thesft have 
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refract;! ve indices oXose to thd re£ract:i.ve indeK oC tte 
sample. For hixnaa tissue thie la approximately that o£ 
water, or n m 1»33. Xzuieed these sytftesns should have 
easeutlally no optical aberratlans when i^ag-ing point to 
5 point* Theire are avallahle optically clear polymer 

materials with refxaotlve Indices close to that o£ tissue 
and water. 

In the event that It Is difficult to mass-pxroduoe thaae 
10 shapes with such low refractive Index materials there, are 
a number o£ possible alterziatlve ways to achieve that same 
result. 

Firstly, In the enbodlmantB of figures 5 to 7, the minor 
15 120 may he rotated in a fluid within the transparent tube 
114* The refractive Index of the liquid should be l«33r 
approximating the refractive Index of the tissue to be 
examined. Xt the material of which the tiibe 114 Is made 
la of a substantially higher refractive Index then the 
20 liquid should also be of a refractive Indhx higher than 

1.33 by an amount dependent on the refractive index of the 
wall material of tube 114 and Its thickness. 

Xn thB end^odlmen^s of figures !# 3 and It would also 

25. be possible to Include a moulded cylindrical surface^ at 
the surface where the light exist the optical bloch 20 lx& 
the direction of the specimen or sample. 

Secondly r astigmatism can be eoi^pensated for hy providing 
30 additional aspherlcal elements In the optical path. 

Astigmatism In the exnbodlmanta of figures 5 to 7 can be 
cooopensated for by means of cyllzidrlcal optical elements 
that rotate with the focussing mirror 120, and placed just 
Inside the viewing section (I.e. thabough which the sample 
35 is viewed) of the outer tube 114. 

]&aux^les of suitable cylindrical elements are shown in 
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figured dA and 9B, i.n whi.cli cyXizid7XC9]l elemezLto 172,174 
azre acUtpbed to bo looat;ed ln»xde ttibe 1X4* Reforring to 
£i.giire 9A/ corraccing element 172 bas a planax* Incidleat 
stirface 176 azicL a cylindrical exit surfACa 178. The 
5 csyllndrlcal elamaat 174 of f igtire 9B ham a oylindricsally 
concave irtddrat ourf aoa 180 and a cylixtdrlcol exit 
8tir£ace 182. 

Cylindrical lenees can, alternativelyr l>e intr-oducad at an 
10 earlier point: in tlie optical path. It would also l>e 

poasible to figure tliemould that produoea the eurface o£ 
the focuasing anirxor 12D bo as to include an pptioally 
csylindrical coanponent. 

15 zt may alao be posaibler in aome aaO^odimanta* to provide 
variahla wagnification by controlling Clbra onentetion. 
Figure 10 ahown ell±pl:laal mirror with eccentricity 0«&4 
focuBBing the field from a fibre tip at the focus Ft onto 
focus With the fibre oriented so that it caats 

20 llghtcone Pi pst onto the mirror, lightcone Pi ps which 
ia the mirror image of llghtcone Pi Pa cefleoted in the 
ellipse's ininor axis, ia bzotight to a focus at P2 such that 
the aunarioal aperture o£ the cone convezrging on the 
object ia precisely equal to that of the cone launched 

25 £rcea» the fibre* VhiB magnification of this imaging system 
is then precisely unity and sanall movements in the fibre 
tip are translated intio motions of the ssma magnitude and 
opposite sense . in the tip's image* 

30 By contrast, if the fibre ia now tilted, so that its tilp 
stays at the focus but casts lightcone Fx 91 ^2 onto the 
mirror, the lightcone i^x ^2 is of much higher 

numerical aperture that that of the cone launclied from the 
fibre. Small tip movements are now translated into 

35 magnified movements of the aip'a image. 

The angle Bi between a ray launchad from Fx and the 'major 
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axis ±& related tO tlxe aaigla between tilie projected ray 
tlixxniffh foous F2 and the aiajor aacis loyt 

^ 1 + " 2tf cos(6»i) 

5 

where e ie ollxptlcal eccentricity. The relationship 
between 0x Mid ^3, le plotted in figure 11, with 0x in 
rAdiana plotted along the faoriso&tal axia and 0^ in radians 
along the vertical axia, for an eccentricity o£ 0.84. The 
10 piaylmmn magnification o£ the device ia given by the 
gradient o£ thia curve at 8|ib0 and isi 

1 — ^ 

15 More generally/ the magnification for a small numerical 
aperture lightcone is given bys 

(1 + - 2s cos(0)r 

20 Where 6 ia the angle between the chief ray of the lightcone 
launched from the fibre and the aiajor axia*. 

This technicxue ie likely to have liinited utility, as it 
will give rise to considerable spherical aberration and 
25 reduced light efficiency. 

Modifications within the scope of the invention may be 
readily effected by those skilled in the art* It is to be 
understood/ thereforer that this invention is not liuited 
30 to the particular eaibodimanta described by way of example 
hereiniAove . 
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Xii tlie proGscUns* description «?£ tbm invention # except 
wliere tlie conteact requires otlterwisd owing fco eatress 
language or necessaxy i^oiplloatlon, t;2iQ word ^can^rise'' or 
5 v^riatlona BUQh a.8 ^eo]i9z>iae9* or "^^oonqprising" lo used in 
mu inolusive aansQ, l«e» bo specify the presence of tho. 
stated features but not to preolude the presence ozr 
addition of furtber features in various enfldodiaients of the 
invention. 

10 

Furthevr any roforence herein to prior art ia not intended 
to imply that such prior art foxxas ox Conned a part of the 
oomnon genexal knowledge « 

15 Dated this 27th day of February 2004 
Optiscan Pty Iitd 
By t:lxaix Patent Attorneys 
GBXFFXTK HACK 

FelloiTB Institute of Patent and 
20 Trade Mark Attorneys of Australia 
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Figure 2A 
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Figure 2B 
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Figure 5 
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